Now circuit designing 
is as easy as 
pushing a lead 
into a hole. 


No soldering. 
No de-soldering. 

No heat-spoilt components. 
No manual labour. 
No wasted time. 


Contact terminals are arranged in sets of five, each 
connected across the back, and in the Model 203A 
illustrated you get 1770 contacts, in six rows of 59 x 5 
plus four double power rails, each with 100 contacts 
connected lengthwise and two horizontal power units 
with 40 contacts each. Many other models; see chart. 
Proto-Board breadboards will accept transistors, ICs, 
LSI packages, resistors, capacitors, LEDs, trimmers, 


With a Proto-Board you can hook 
your circuit together as quickly as you car 
think. 

And you can have second thoughts, and third 
thoughts, equally quick and easy, till you've got the whole thing 
right. 

Then you can solder up if you want to, but most engineers don't because the 


Proto-Board push-fit connectors are highly reliable. relays etc.; most plug straight in. 
And everything is visible; come back next week and you ‘read’ the circuit 
immediately, Try one. You'll wonder how you ever 
lees Heal iis, oboe) th managed without it. 
Number _Tie-points DIP’s) __Price__—Package VAT Price _Other features 
PB-6 630 6 £9.20 £1.00 £0.82 £11.01 Kit-10 minute assembly 
PB-100 760 10 11.80 1.00 1,02 13.82 _Kit—with larger capacity 
PB-101 940 10 17.20 1.25 1.48 19.93 8 distribution buses, higher capacity 
PB-102 1240 12 22.95 1.25 1,94 26.14 Large capacity, moderate price 
PB-103 2250 24 34.45 1.50 2.88 38.83 Even larger capacity; only 1.73 pence per tie-point 
PB-104 3060 32 45.95 1.50 3.80 51.25 Largest capacity; lowest price per tie-point 
PB-203 2250 24 §5.15 1.50 4.53 61.18 Built-in 1%-regulated 5V, 1A low ripple power supply 
PB-203A 2250 24 7410 1.50 6.10 82.30 _Asabove plus separate Ye Amp +15V and —15V internally adjustable regulated supplies 


How to order. Telephone 01-890 0782 and give us your Access, Barclaycard or American Express number, and your order will be in the post that 
night. Or, write your order, enclosing cheque, postal order, or stating credit card number and expiry date. (Don't post the card!). Alternatively, ask for 
our latest catalogue, showing all CSC products for the engineer and the home hobbyist. (Prices are for UK only. For Europe add 10%, outside Europe add 12 ¥2% 

CONTINENTAL SPECIALTIES CORPORATION to total prices.) 
CIALTIES CORPORATION (UK) LTD REGISTERED IN LONDON 303780 VAT No, 2244707471 
4 FELTHAM TRADIN TATE FELTHAM TRADE MARK APPLIED FOR ‘CSC (UK) LTD 1977 


TJP TELEPHONE: 0] 8900782 TELEX: 881 3669. DEALER ENQUIRIES WELCOME 


CONTINENTAI 
SPUR ROAI 
MIDDLESEX 


How to order. For delivery by return please send cheque with order. Personal customers can use Access, Barclaycard or American Express Card; 
order by post or phone, or send for complete CSC catalogue. 
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Happy birthday transistor 


Within the lifetime of many Elektor 
readers a revolution has occurred 
whose consequences are so far 
reaching that they cannot 
accurately be predicted. In the 
space of 30 years the semiconductor 
industry has grown from nothing 

to the multi-million pound giant 
that it is today. 


The following — of necessity 
somewhat generalised — article 
traces the major developments in 
the evolution of semiconductors, 
showing how they have affected 
the life of the average person, The 
discussion is rounded off with a 
look at what the future holds — in 
what areas semiconductors will 
continue to exercise a shaping 
force in modern life. 


Although the junction transistor 
was invented during the last days of 
1947, and indeed the field-effect 
transistor had been postulated some 
years earlier, it was 1948 that 
marked the birth of the semi- 
conductor industry, for in that 
year the first practical transistor 
was produced by Bell Telephone 
Laboratories, This was a point- 
contact device developed by 
Bardeen and Brattain, who dis- 
covered it almost by accident 
whilst investigating the properties 
of point contact diodes in an 
attempt to develop a fuller under- 
standing of the physics involved. 
While probing a germanium base 
material with wire contacts, one 
emitting current into the base 
material and the other collecting 
current from it, they discovered 
that current amplification was 
occurring. 


It is amusing to note how the 
terms associated with transistors, 
and indeed the circuit symbol for 
a transistor, sprang from those 
early experiments, 
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semiconductors 
where do we go from here ? 


It soon became apparent that the 
point contact transistor was 
difficult to produce in large 
quantities, and also had severe 
performance limitations, particularly 
in regard to power handling, The 
junction transistor, which had been 
developed by Bardeen and Brattain’s 
co-worker Shockley, was a much 
more practical device, and 1950 

saw the introduction of the first 
commercial junction transistor, 
These early devices were of the 

alloy junction type, typically 
fabricated by alloying pellets of 
indium to either side of a thin 

silver of germanium, as shown in 
figure 1. 


GERMANIUM 
BASE MATERIAL 


x 


INDIUM INDIUM 
EMITTER COLLECTOR 
PELLET PELLET 


~ 


Figure 1. Cross-section of an alloy- 
junction transistor. 


The late 1940s and early 1950s saw 
the rapid growth of electronics for 
military and aerospace applications, 
where small size, low power 
consumption and reliability were 
of paramount importance, The 
1940s also witnessed the birth of 
the electronic digital computer. 
Although calculating machines 
using relay logic had been 
developed prior to and during 
World War II, primarily for 
cryptanalysis, these were slow and 
frequently unreliable, The first 
completely electronic computer, 
using valves, was developed by 
mathematicians from Cambridge 
University in order to decipher the 
German ‘enigma’ codes. This was 
followed in 1945 by ENIAC, a 
massive computer employing some 
18,000 valves and occupying 3000 
cubic feet, which was developed at 
the University of Pennsylvania. The 
use of valves instead of electromec- 
hanical elements greatly increased 
the speed at which data manipula- 
tion and mathematical operations 
could be performed. However, 
ENIAC more or less represented 
the limit of valve computers 
because of reliability problems, to 
say nothing of size and power 
consumption, The relatively high 
failure rate of valves meant that a 
computer with several thousand 
valves would spend a significant 
part of its life having valves 
replaced, whilst a computer with 
tens of thousands of valves would 
be almost impossible to maintain 
in working order. 


With transistors, on the other hand, 
once early ‘infant mortality’ failures 
have been eliminated the life of a 
device is almost indefinite, and of 
course even early transistors 

offered a considerable size advan- 
tage over valves, as shown in figure 
2. 
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Military and aerospace requirements 


gave a large initial impetus to the 
semiconductor industry and as the 
potential of computers were 
realised, so the developing 
computer industry became a large 
user of semiconductors. 


The initial impact of semiconductors 


on the average person was less 
dramatic, since domestic electronic 
equipment of the 1950s was 
generally limited to simple, linear 
circuits such as radios, TV sets and 
record players, employing 
relatively small numbers of valves, 
which at that time were cheaper 
than transistors. It was not until 
the late 1950s and early 1960s, 
when transistors became cheaper 
due to their extensive use for 
military and computer applications, 
that the craze for compact 
transistor radios marked the first 
inroads of semiconductors into the 
consumer market. 


The early transistors were almost 
exclusively germanium devices. 
However, as the semiconductor 
industry grew the properties of 
other semiconductor materials 
were investigated, and silicon 
ultimately displaced germanium as 
the most widely used material. 
Silicon offers a number of 
advantages; to begin with, it is an 
extremely common element, the 
world’s beaches contain vast 
amounts of silicon in the form of 
sand (silica). Silicon transistors 
exhibit lower leakage currents 
than germanium types and can 
operate at higher temperatures. 


Figure 2. Even early transistors offered 
great advantages over valves in terms of 
size, power consumption and reliability. 


Planar devices 

Alloy junction transistors, 
although offering considerable 
advantages over valves, were far 
from ideal. In particular the cutoff 
frequency (the maximum frequency 
at which a transistor will operate) 
was limited to a few hundred 
kilohertz in early transistors, or 
exceptionally a few Megahertz. The 
cutoff frequency of a transistor is 
limited by the time taken for 
charge carriers to cross the base 
region, and hence by the thickness 
of the base region. With the alloy 
junction process it was extremely 
difficult to achieve base widths 
much thinner than 25 microns. 
The alloy junction process was 
also not suitable for extremely 
high volume production because 
of the fact that each transistor had 
to be processed from an individual 
sliver of base material. 


The problems of more closely 
controlled manufacture and high- 
volume production were solved with 
the introduction of the planar 
process, whihe was developed by 
Jean Hoerni of the Fairchild 
company in 1958. This allowed 
many transistors to be fabricated 
simultaneously on a large wafer of 
semiconductor material. An outline 
of the’ planar processing technique 
is shown in figure 3. 


The starting material for a batch of 
NPN transistors would be a thin 
wafer of unifor:nly doped N-type 
silicon, which ultimately forms the 
collectors of the finished transistors, 
The first step in the manufacturing 
process is to grow, over the entire 
surface of this wafer, a thin layer of 
silicon dioxide. On top of this is 
laid down a photographic resist 
essentially similar to that used in 
the production of printed circuit 
boards. Over the wafer is placed a 
photographic mask which has 
transparent areas defining the base 
regions of the transistors, and 
through this mask the photoresist 
is exposed to (ultraviolet) light. 
The photoresist is then developed, 
when the exposed portions are 
dissolved away. 


The wafer is then placed in 
hydrofluoric acid, which etches 
away the silicon dioxide where it is 
not protected by the photoresist, a 
process known as photolithography. 
The resist is then removed using 
hydrogen peroxide solution, 


The next step is to place the wafer 
in a furnace containing a P-type 
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Figure 3, Fabrication of a planar 

transistor. 
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dopant gas. Where the silicon 
dioxide has been etched away the 
gas diffuses into the wafer and 
changes the doping to P-type, thus 
defining the base regions of the 
transistors, Elsewhere the dopant 
does not penetrate the impervious 
silicon dioxide layer. 


The silicon dioxide is then removed 
using hydrofluoric acid, a new 

layer is grown and the whole process 
is repeated using a mask to define 
the emitter regions, and an N-type 
dopant gas, 


The silicon dioxide layer is again 
removed, a layer of aluminium is 
deposited over the whole surface of 
the wafer. This is then selectively 
etched away using the photo- 
lithographic process, leaving 
aluminium connection ‘pads’ to 
which the collector, base and 
emitter wires will eventually be 
bonded. Each transistor is then 
tested automatically, rejects being 
marked with an ink spot, after which 
the wafer is diced up into individual 
transistor ‘chips’ which are then 
packaged. 


Integrated circuits 

Even with the planar technique the 
individual transistors still had to be 
physically separated, packaged in a 
protective casing and subsequently 
assembled into electronic circuits. 
The miniaturisation requirements 
of the military/aerospace industries 
and the use of thousands of 
identical circuits in digital 
computers led to a demand for the 
integration of complete circuits into 
small packages, Hybrid circuits 

were an early attempt at integration, 
and indeed are still used in many 
applications, In a hybrid circuit 
resistors and ‘wiring’ are printed 
onto a ceramic substrate, whilst 


unpackaged semiconductors and 
other components are added later, 
after which the whole assembly is 
mounted in.a protective package 
with connection pins. However, for 
mass production a technique was 
required whereby entire circuits 
could be fabricated in one piece, in 
other words monolithic integrated 
circuits. 


Using the planar process it was 
possible to produce large numbers 
of transistors and/or diodes on a 
single silicon wafer. Reverse-biased 
p-n junctions could also be used to 
form modest value capacitors (up 
to 1000pF)whilst the bulk 
resistance of the silicon could be 
used to make a limited range of 
resistor values. In fact the only 
components impossible to 
fabricate on a semiconductor 
wafer were (and still are) 
inductors. All the components 
required for an integrated circuit 
could be produced, and the only 
problems which needed to be 
solved were a) electrical isolation 
of the components, since normally 
they would be joined by the 
silicon substrate. b) interconnection 


of the components into the desired 
circuit pattern, 


The first problem was solved by 
making use of the isolating 
properties of a reverse-biased p-n 
junction, For example, if a number 
of NPN transistors are fabricated in 
a wafer of P-type material then the 
junction formed by the P-type 
substrate and the N-type collector 
regions of the transistors can be 
reverse-biased, thus isolating the 
transistors from one another. 


The solution to the second problem 
was inherent in the highly insulating 
silicon dioxide layer which was a 
vital part of the planar process, An 
insulating layer of this oxide could 
be grown over the entire surface of 
the finished chip, except for 
‘windows’ at points where connec- 
tions were to be made to 
components. On top of the oxide 
layer an aluminium interconnection 
pattern could be deposited, which 
would not make contact with the 
silicon except through the 
windows. The steps in the 
fabrication of a typical bipolar 
integrated circuit are illustrated in 
figure 4, 


SSS 


TRANSISTOR RESISTOR 


Figure 4. A cross-section of an IC 
showing the aluminium interconnection 
pattern on top of an insulating layer of 
silicon dioxide. 
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The first successful monolithic 
integrated circuits were developed 
around 1959 and the 1960s saw a 
rapid growth in the quantity, 
variety and complexity of ICs, 
with an equally dramatic fall in 
cost. If the 1950s was the decade 
of the transistor, then the 1960s 
was certainly the decade of the IC. 
The rate of increase in the 
complexity of ICs since their 
inception has been absolutely 
staggering. Taking 1959 as the 
starting point, up to which time 
only single transistors could be 
made, the maximum number of 
components in an IC (i.e. the most 
advanced IC for a particular year) 
has doubled every year. This 
exponential growth, which is 
illustrated in figure 5, shows no 
signs of decreasing and probably 
will not until the physical 
limitations of IC manufacturing 
technology are reached 


Figure 5. This graph shows how the 
complexity of ICs has doubled every 
year since 1959. 


MOS ICs 

Early integrated circuits utilised 
exclusively bipolar transistor tech- 
nology, and indeed many still do. 
Whilst the power consumption of 
bipolar ICs was many orders of 
magnitude less than that of valves it 
was still appreciable, especially in 
complex ICs, The development of 
ICs based on Metal Oxide Semi- 
conductor Field Effect Transistors 
(MOSFETs) allowed the 
production of complex (Large 
Scale Integration or LSI) circuits 
in milliwatts, Until the early 1970s 
the effect of ICs on the consumer 
market had largely been to replace 
functions previously performed by 
discrete components, for example 
the integration of audio amplifiers, 
TV i.f. amplifiers and colour 
decoders, and so on. 


The introduction of MOS LSI 
technology allowed the creation of 
new types of consumer products, 
and the mid 1970s saw a pro- 
liferation of pocket calculators, 
digital watches and TV games which 
marked the beginning of the swing 
from linear to digital circuits in 
consumer electronics. 


Memories 

Computers require large amounts of 
memory in which to store data. 
Until the advent of semiconductor 
memories the usual form of 
memory was magnetic core store, 
backed up by magnetic tape or 
disc for long term storage. With the 
advent of semiconductor 
memories, the size and cost of data 
storage systems fell dramatically. 
Since their cost can be measured in 
terms of ‘price per bit’, semi- 
conductor memories provide a 
useful indicator to the downward 


trend of IC costs, as shown in 
figure 6. The complexity of 
memories has also increased 
greatly. Whereas a few years ago, a 
memory capable of storing 1k 
(1024 bits) of data was considered 
as ‘state-of-the art’ 4k and 16k 
memories are now commonplace, 
whilst 64k, 256k and 1M (one 
million bit!) memories are 
confidently predicted. The 
rapidly falling cost of electronic 
data storage will undoubtedly have 
a profound influence on life in the 
1980s and beyond. 


Figure 6. Costs of semiconductor 
memories have fallen dramatically. 


Figure 7. The ‘chip’ of a memory IC. 
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Figure 8. A Read Only Memory IC 
(ROM) which can store 4096 of 
data, compared with a double triode 
valve which could, if used as a 
memory element, store one bit. 


Microprocessors 

Mention the word ‘microprocessor’ 
to many people and they will 
immediately think of ‘home 
computers’, but a microprocessor is 
much more than just this, Of course 
a microprocessor can be used as the 
central processor in a small 
computer system, and for a few 
hundred pounds one can purchase 
a system with the processing power 
of a large computer of the 1960s, 
However, the majority of 
applications for uPs are likely to be 
in dedicated systems, It has long 


been known that electronic circuits 
could replace mechanical and 
electromechanical functions in 
many types of equipment. To take 
a mundane example, the cam- 
timer in an automatic washing 
machine could be replaced with an 
electronic timer and some logic 
circuits in an IC package. However, 
to design an IC specifically for this 
purpose would be uneconomic, and 
if any design change was required at 
a late stage in the development this 
would mean developing a different 
IC, which would be out of the 
question. A microprocessor, on the 
other hand, can be used in a wide 
variety of control applications 
simply by changing its programme, 
which can be stored in an inexpen- 
sive Read Only Memory (ROM). 
This gives great flexibility during 
the design phase and also offers the 
possibility of modifications at a 
later date without any of the 
retooling costs involved in changing 
a mechanical part. This illustrates 
the superiority of a software 
approach. 


The future 

What of the future? The advent of 
VLSI (Very large Scale Integration) 
with ever increasing numbers of 
electronic functions on a single 
chip means that electronics are 
entering into more and more fields 
which previously were cost- 
prohibitive. The introduction of 


electron beam and X-ray techniques 
in the fabrication of micro- 
electronic circuits is expected to 
lead to a further increase in the bit 
density of memories by a factor of 
100, with only minor increases in 
cost. There will be few areas of our 
life, which ultimately will not be 
touched by this electronic 
revolution. The uP-controlled 
washing machine, sewing machine, 
and oven are already with us, They 
can be expected to take over the 
control of thermostats in central 
heating and solar energy systems, 
refrigerators, burglar and fire 
alarms etc, Microprocessors are 
already incorporated in auto- 
mobiles, controlling exhaust 
emission and ignition timing, thus 
improving fuel economy, and in 
the near future they will be 
connected to safety devices such as 
anti-skid sensors. In industry, 
microprocessors are increasingly 
appearing on the shop floor in a 
wide variety of adaptive control 
processes, hopefully freeing many 
workers from boring and repetitive 
jobs. In education and leisure 
activities the microprocessor is a 
powerful learning tool. Children 
may well become as familiar with 
the CRT of their uP terminal as 
their parents were with the sight of 
their teachers. The home computer 
offering computing capability 
equal to that provided by the most 
powerful main-frame of only a few 
years ag ois now available for no 
more than the cost of a colour TV 


set or a stereo system. 


Figure 9. A typical microprocessor IC 
which is probably as powerful as the 
largest valve computer ever built. 


elektor october 1978 Xi 


Perhaps the greatest impact of 
microprocessors and semiconductor 
memories however, will be the so- 
called ‘paperless information 


revolution’. Teletext is already 
here — and Viewdata almost. The 
introduction of these two services 
could mark the beginning of a 
change in the lifestyles of a large 
percentage of the population, as the 
domestic TV set becomes more than 
just a box on which to watch the 
offerings of the TV companies. For 
example, why travel for half an 
hour or more on a crowded bus to 
do the shopping when one can 
simply select and order goods from 
a catalogue displayed on the TV 
screen? (Will this bring the demise 
of the high street shop?) Why 
commute 100 miles or more to the 
office when the same work could 
be done at home using the TV to 
call up the necessary data? Why 
watch boring repeat programmes 


when one could play chess with a 
friend (or a computer) hundreds of 
miles away? The list of speculations 
for a data network using the TV 
screen as a data terminal are 
virtually endless. However, bringing 
the world into one’s living room 

in this way is certain to entail 
profound sociological changes. Will 
we become passive conditioned 
consumers of the products fed onto 
our screens by those who control 
the information media. Will there be 
increasingly less social contact 
between people? Will the TV end 

up watching us? Fanciful though it 
may seem, remember that 

nineteen eighty-four is not far away! 


Semiconductor manufacturer directory. 
The following is a list of some of the main semiconductor manufacturers whose products are distributed in the U.K. The 


manufacturers should be able to provide further details regarding local representatives/distributers in your area. 


AEI Semiconductors 
Carholme Road, 
Lincoln, 

LN1 1SG 

Tel: 0522 29992 


AE G Telefunken 
Bath Road, 
Slough. 

SLI 4AW 

Tel: 0753 87210 


Analog Devices 
Central Avenue, 
East Molesey, 
Surrey. 

Tel: 01-941 0466 


Advanced Micro Devices 
Ebury Gate, 

23 Lower Belgrave Street, 
London. S.W.1 

Tel: 01-730 0855 


AMI Microsystems 

108a Commercial Road, 
Swindon, 

Wiltshire. 

Tel: Swindon 31345 


Fairchild Semiconductor Ltd. 


Kingmaker House, 
Station Road, 
New Barnet, 
Herts. 

ENS INX 

Tel: 01-440 7311 


Ferranti 

Fields New Road, 
Chadderton, 
Oldham. 

OL9 8NP 

Tel: 061-624 0515 


GEC Semiconductors Ltd. 
East Lane, 

Wembley, 

Middlesex. 

HA9 7PP 

Tel: 01-904 9303 


General Instrument 
Microelectronics Ltd. 
57/61 Mortimer Street, 
London, WIN 7TD 
Tel: 01-636 2022 


Intel Corp. (U.K.) Ltd. 
Broadfield House, 

4 Between Towns Road, 
Cowley, 

Oxford. 

Tel: 0865 771431 


Intersil Inc. 

8 Tessa Road, 

Richfield Trading Estate, 
Reading, 

Berkshire. 

Tel: 0734 595011 


Mostek U.K. Ltd. 
Masons House, 
1 Walley Drive, 
Kingsbury Road, 
London. N.W.9 
Tel: 01-204 9322 


Motorola Ltd. 
York House, 
Empire Way, 
Wembley, 
Middlesex. 

Tel: 01-902 8836 


Mullard Ltd,/ Signetics 
Mullard House, 
Torrington Place, 
London. WCIE 7HD 
Tel: 01-580 6633 


National Semiconductor 
U.K. Ltd. 

19 Goldington Road, 
Bedford. 

Tel: 0234 211262 


Newmarket Transistors Ltd. 


Exning Road, 
Newmarket, 

Suffolk. 

Tel: Newmarket 3381 


Plessey Semiconductors 
Cheney Manor, 
Swindon, Wiltshire. 
SN2 2QW 

Tel: 0793 6251 


Precision Monolithic 
UK representatives are: 
Bourns Ltd. 

Hodford House, 

17/27 High Street, 
Hounslow, 

Middlesex. 

TW3 ITE 

Tel: 01-572 6513 


RCA 

Windmill Road, 
Lincoln Way, 
Sunbury-on-Thames. 
Tel: 09327 85511 


Rockwell 

UK distributor: 

Pelco Electronics Ltd. 
Enterprise House, 

83-85 Western Road, 
Hove, 

Sussex. 

BN3 1JB 

Tel: Brighton 0273 722155 


Siliconix Ltd. 
30a High Street, 
Thatcham, 
Newbury, 

Berks. 

RG13 4JG 

Tel: 0635 64846 


SGS-ATES (U.K.) Ltd. 
Planar House, 

Walton Street, 
Aylesbury, 

Bucks. 

Tel: 0296 5977 


Siemens 

Great West House, 
Great West Road, 
Brentford. 

TW8 9DG 

Tel: 568 9133 


Teledyne Semiconductors 
Heathrow House, 

Bath Road, 

Cranford, 

Hounslow, 

Middlesex. 

Tel: 01-897 2501 


Texas Instruments 
Manton Lane, 
Bedford. 

Tel: 0234 211655 


Thompson-CSF 
Ringway House, 
Bell Road, 
Daneshill, 
Basingstoke, 
RG24 0QG 

Tel: 0256 29155 
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Logic ICs — general information 


Logic conventions, symbols and 
abbreviations, 


1. Positive logic is used throughout. 
An input or output is inactive low 
(0) and active high (1) 
2. An inverted input or output is 
the opposite of the above 
active low and inactive high. In the 
pinout charts inverted functions are 
shown by a circle at the input or 
output connection and by a bar over 
the name of the function. 
Thus: s 
i en gg 
2. When an input does not react to 
a static input level (0 or 1) but toa 
transition from 0 to I (positive- 
edge triggered) then is is denoted 
in the pinout charts by a triangle at 
the input connection. Negative-edge 
triggering (1 to 0 transition) is 
denoted by the triangle plus a 
circle to denote inversion. 


3. The following abbreviations are 
used in the pinout charts: 

CK 
CLR 
IC 


clock 

clear 

internal connection 
(pins so marked are 
connected to the circuit 
within the [C but must 
not be connected to 
anything external to 
the IC) 

NC = no connection (pins so 
marked are not connec- 
ted to the circuit 
within the IC) 


Ta) 


4. For circuits such as counters 
having several inputs and/or outputs 
the letters A and Qa are used to 
denote the least significant bit and 
higher letters in the alphabet denote 
more significant bits. For example 
the 74191: Qa is the least 
significant bit of the counter out 
put whilst Qp is the most signifi- 
cant bit. 


TTL and CMOS data 


5, Definition of terms 


set: a | ata set input makes 
the corresponding output 1. 
clear, reset: 
a | ata reset input makes 
the corresponding output 0. 
preset, load : 
a | ata load input makes 
the output assume the same 
value as the data input. 
enable : 
a | atan enable input 
causes the logic circuit to 
function. 
latch enable 
alata latch-enable input 
causes the input data to be 
‘frozen’ (at the output of 
a latch), 
strobe 
a Lata strobe input causes 
the output to follow the 
input data (thus latch 
enable = strobe) 
inhibit : 
a] atan inhibit input 
disables the logic circuit so 
that the output is fixed 
and is no longer a function 
of the input variables. 


All the above terms of course have 
their inverted versions; thus, for 
example, when a set input is 0, 

the corresponding output becomes 1. 


TTL ICs ~ electrical characteristics 


recommended supply voltage range: 
4.75, 5.25V 
input voltage range 
maximum 5.5V 
minimum 0.SV 
logic levels 
I 2.4V 
output {i 0.4V 
| 2 
anpuL a 0.8V 


Input and output currents 

(fan-in, fanout) 

For a standard TTL input such as 
the 7400 the input currents are as 
follows: 

high (logic 1=2.4V) :  40uA 
low (logic 0 = 0.4V) > -16mA 


The direction of positive current 
flow is taken as being into the IC, 
therefore ‘-1.6mA’ indicates that 
current flows out of an input in the 
low state. An input having these 
characteristics is said to be one 
standard TTL load or to have a 
fan-in of 1. The drive capability of 
TTL outputs is defined in terms of 
the number of standard loads it can 


drive. A normal TTL output can 
supply a current of -400qA in the 
high output state and 16mA in the 
low state. It can thus drive 10 
standard loads and is said to have a 
fanout of 10. 


Most TTL ICs have a fan-in of | and 
a fanout of 10. Where the fan-in 
and/or fanout differ from these 
values then this is indicated on the 
pinout diagram, In some cases the 
fan-in or fanout may be different 
in the high and low output states, 
and in such cases the ‘worst case’ 
value is given, i .c. the higher value 
in the case of fan-in and the 

lower value in the case of fanout. 


For example: fan-in (high) = 3, 
fan-in (low) = 5; fan-in is given as 
5. Fanout (high) = 20, fanout (low) 
= 25; fanout is given as 15. 


Other TTL families 


In addition to the standard 74—TTL 
family there are several other TTL 
families low-power (74L), 
low-power Schottky (74LS), 
Schottky (74S) and high-speed 
(74H) TTL. Many of the standard 
IPL functions are available in these 
other families. The input and 
output currents of these families 
differ from those of standard TTL 
and wheninterconnection between 
different families is to be made 
then the manufacturers’data should 
be consulted to check drive 
capability. However, when used 
with devices of the same family 

the fan-in and fanout figures given 
in the pinout charts apply. 


Unused inputs 


Unused TTL inputs assume logic 

1 level and may be left floating if a 
high level is required at the unused 
input. However, for better noise 
immunity it is best to tie unused 
inputs to positive supply via a 1k 
resistor, which will limit input 
current if any transients appear on 
the supply line. If an unused input 
is to be at logic 0 then it is simply 
connected direct to the OV supply 
vail 


Interfacing TTL to CMOS 

TTL ICs will drive CMOS ICs direct, 
provided that the CMOS supply 
voltage is the same as that for the 
TTL circuits (+5V). To ensure that 
the logic | output voltage of the 
TTL circuit is sufficiently high, 
connect a 2K2 pullup resistor 
between the output and +5V. 
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TTL Logic ICs — numerical index 
of popular typ: 


7400 quadruple 2-input NAND gate 

7401 quadruple 2-input NAND gate 
with open-collector outputs 

7402 quadruple 2-input NOR gate 

7403 as 7400 but open-collector 
outputs 

7404 hex inverter 

7406 as 7404 but open-collector, 
high-voltage outputs (max 
30V, fanout = 25) 

7408 quadruple 2-input AND gate 

7409 as 7408 but open-collector 
outputs 

7410 triple 3-input NAND gate 

7411 triple 3-input AND gate 

7412 as 7410 but open-collector 
outputs 

7413 dual 4-input NAND Schmitt 
trigger 

7414 hex inverting Schmitt trigger 

7416 as 7404 but with open- 
collector, high-voltage out- 
puts (max I5V, fanout = 25) 

7420 dual 4-input NAND gate 

7428 as 7402 but power driver 
(fanout = 30) 

7430 8-input NAND gate 

7437 as 7400 but power driver 
(fanout = 30) 

7440 as 7420 but power driver 
(fanout = 30) 

7445 BCD-to-decimal decoder/ 
driver 

7447 BCD-to-7-segment decoder/ 
driver 

7470 AND-gated positive-edge 
triggered JK flip-flop with 
preset and clear 

7472 AND-gated JK flip-flop with 
preset and clear 

7473 dual JK flip-flop with clear 

7474 dual D positive-edge triggered 
flip-flop with preset and 
clear 

7475 4-bit bistable latch 

7476 dual JK master-slave flip-flop 
with preset and clear 

7485 4-bit comparator 

7486 quadruple 2-input exclusive- 
OR gate 

7489 64-bit read/write memory 


7490 decade counter 
7492 divide-by-12 counter 
7493 4-bil binary counter 
7495 4-bit parallel-in-parallel-out 
shift register 
74121 monostable multivibrator 
74122 retriggerable monostable 
multivibrator with clear 
74123 dual retriggerable monostable 
multivibrator with 
clear 
74125 quadruple buffer (3-state) 
74132 quadruple 2-input NAND 
Schmitt trigger 
74141 BCD-to-decimal decoder/driver 
with high voltage outputs 
(max 60V, 7mA) 
74148 priority encoder 
74164 &-bit serial-in, parallel-out 
shift register 
74174 hex D flip-flop with clear 
74190 synchronous BCD up/down 
counter 


74191 synchronous 4-bit binary up/ 
down counter 
74192 synchronous decase up/down 
counter 
*74L8241 octal buffer and line 
driver (3-state) 
*74LS242 quadruple bus tranceiver 
(3-state) 
*74LS243 quadruple bus tranceiver 
(3-state) 
*81LS95 octal buffer (3-state) 
*81LS97 octal buffer (3-state) 
*Low-power Schottky types only. 
not available in standard TTL. 


TTL Logic ICs - functional index 
gates, buffers, inverters 


7400 quadruple 2-input NAND gate 
7401 quadruple put NAND gate 
with open-collector outputs 
7402 quadruple 2-input NOR gate 
7403 as 7400 but with open- 
collector outputs 
7404 hex inverter 
7406 as 7404 but with open- 
collector, high-voltage 
outputs (max 30V, funout =25) 


7408 quadruple 2-input AND gate 

7409 as 7408 but with open- 
collector outputs 

7410 triple 3-input NAND gate 

7411 triple 3-input AND gate 

7412 as 7410 but with open- 
collector outputs 

7416 as 7404 but with open- 
collector, high-voltage outputs 

7420 dual 4-input NAND gate 

7428 as 7402 but power driver 
(fanout = 30) 

7430 8-input NAND gate 

7437 as 7400 but power driver 
(fanout = 30) 

7440 as 7420 but power driver 
(fanout = 30) 

7480 quadruple 2-input exclusive- 
OR gate 


Schmitt triggers 


7413 dual 4-input NAND Schmitt 
trigger 
7414 hex inverting Schmitt trigger 
74132 quadruple 2-input NAND 
Schmitt trigger 


flip-flops, latches 


7470 AND-gated positive-edge 
triggered JK flip-flop with 
preset and clear 

7472 AND-gated JK flip-flop with 
preset and clear 

7473 dual JK flip-flop with clear 

7474 dual D positive-edge triggered 
flip-flop with preset and clear 

7475 4-bit bistable latch 

7476 dual JK master-slave flip-flop 
with preset and clear 

74174 hex D flip-flop with clear 
counters 


7490 decade counter 
7492 divide-by-12 counter 
7493 4-bit binary counter 
74190 synchronous BCD up/down 
counter 
74191 synchronous 4-bit binary 
up/down counter 
74192 synchronous decade up/down 
counter 


shift registers 
parallel-in parallel-out 


74164 &-bit serial-in parallel-out 
shift register 
decoders, display drivers 
7445 BCD-to-decimal decoder/ 
driver 
7447 BCD-to-7-segment decoder/ 
driver 
74141 BCD-to-decimal decoder/ 


driver with high-voltage outputs 


monostable multivibrators 


74121 monostable multivibrator 

74122 retriggerable monostable 
multivibrator with clear 

74123 dual retriggerable mono- 
stable multivibrator with 
clear 

3-state buffers 


74125 quadruple buffer 

*74LS241 octal buffer and line 
driver 

*74LS242 quadruple bus trans- 
ceiver 

*74LS243 quadruple bus trans- 
ceiver 

*81LS95 octal buffer 

*81LS97 octal buffer 


* Low-power Schottky types only, 

not available in standard TTL. 

Miscellaneous 

7485 4-bit comparator 

7489 64-bit read-write memory 
74148 priority encoder 
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"QUADRUPLE 2 INPUT NAND GATE WITH OFEN COLLECTOR OUTPUT 


TEX BUFFER ORIVER WTH OPEN COLLECTOR GOAORUPLE ? INPUT AND GATES 
Wight VOLTAGE OUTPUTS (mas. 30 V, fan ovt = 26) 

1408 

1409 open cotetoroutouts 


TRIPLED INPUT NANO GATES 


7410 


'SCD.TO DECIMAL DECODER/DRIVER WITH OPEN '8CO 107 SEGMENT DECODER/ORIVER nb GATED JK POSITIVE EOGE TRIGGERED FLIP FLOP 
COLLECTOR OUTPUTS mas. 30V) WITH PRESET AND CLEAR 


een ae 
nm ante _curmurs fran 


Caw eumeo Wei 8 A, 
ror 
OUTPUTS 4 INPUTS: 


tino = 25, 
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"AND GATED J FLIP-FLOP WITH PRESET AND CLEAR DUAL IK FLIPFLOP WITH CLEAR 


DUAL IR MASTERSLAVEFLIPFLOP 
WITH PRESET AND CLEAR, 


ourruts — EyABTE 


Oia OT tanin= 4 ode 


‘DUAL D TYPE POSITIVEEOGE TRIGGERED FLIPFLOP 
WITH PRESET AND CLEAR. 


DATA INPUTS. 
feng 


Dr 02, CABLE @ OD 04, Te 
a ourPur 
wnputs OUTPY} = J = 


CLOCK PRESCTCLEAR 13 aly CLOCKPRESETCLEAR 
° i ear aia 3 


SELECT INPUTS ATA SENSE DATA SENSE 
——_., INPUT OUTPUT INPUT OUTPUT 
Cova vilioe ei re 8 


seuect z ATA SENSE OATA SENSE 
inura § INPUT OUTPUT INPUT OUTPUT 
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"GUAD BUFFER THSTATET 
2125 


{0} 


‘SYNCHRONOUS HCD UPIOOWN COUNTER WITH 
Up DOWN MODE CONTROL 

INPUTS. OUTPUTS wnurs 
24190 


cae aa 
DATA PPLE wax OATA DATA 
© PR* croc EtoeK in COAD 


OATA 03 Ga ENABLE UR 0c OD, 
8 tant* 300HN 


oy 
ieuts OUTPUTS —_INPUTS _ OUTPUTS 


‘OCTAL BUFFER AND LINE ORIVER (2STATE 


mais2e 


"GUAORUPLE 2 INPUT NANO SCHMITT TRIGGER 
mane 


DONT SERIAL IN PARALLEL OUT SWIFT REGISTER 


rar64 oureurs 


Og CLEAR CLOCK 


seria oureurs 
INPUTS tnoat 


SYNCHRONOUS 4 BIT GINARY UP/DOWN COUNTER 
wuts outrurs inputs. 
aids ~ 


“DATA “Wiveut MAX “DATA OAT 
A ctock CLOcK MIN OAD CO. 


ECO TO DECIMAL DECODER/ORIVER 


ourrurs outputs 


SYNCHRONOUS UP/DOWN DECADE COUNTER 


74192 iputs ——_ourruTs inpuTs 
peony 


Oca taney voxn eS 


wweur OUTPUTS 


maser 


OATAB On 


©, COUNT COUNT Gc 
wwPUT ‘OOWN UP 


ourrurs inputs __ourpurs 
"QUADRUPLE DUS TRANSCEIVER (3STATED 
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PROGRESSIVE RADIO 


SEMICONDUCTOR OFFERS ALL FULL SPEC. 
BC?12, BC182, BC237, BF 197, BCIS9, BCY71 ~ ALL Bpeach. RCA 2015 
T03 POWER TRANSISTOR (SiM TO 2N3055) — 35p. ACY 18 — 18p. 
BF200 ~ 20p, MOTOROLA MRO 3051 PHOTOTRANSISTORS - 35p. N 
CHANNEL F-E.T.S. SIMILAR TO 2N3819 ~ 17p. MOSFET SIM TO 
40673 ~ 35p. JNi40 MOSFETS ~ 50p. M203 DUAL MATCHED PAIRS 
MOSFETS, SINGLE GATE PER F-E.T. ~ 40p. INTEL 
C1103 BIT MOS RAMS — 95p. MULLARD 88113 TRIPLE VARICAP 
DIODE. 35p. OPTO ISOLATORS TYPE BX504, INFRARED LEO. 
TO PHOTO CELL, 4 LEAD NEW ~ 25p. TBA 800 10 FOR £5.00, 
€D4051 CMOS — 80p. 7448 PIN D.L.L: ~ 23p. 1N40O2 100 1A DIODES 
‘4p. 14005 800y TA DIODES ~ 7p. 7812 12v 1A PLASTIC V. REGS. 
5p, 0.2" OR 0.125" RED LEDS ~ 12p each. MAN 3A 3 mmm LED 
DISPLAYS — 50p. 
SPECIAL OF FER 2NS14 RADIO CHIPS ~ 75p. LM380 IC AMPS ~ 80p. 
LM3B1 ~ 90p. NESSES — 20p 7415 (WIDE BANDWIDTH) ~ 35p, 
MICROPHONES, GRUNDIG ELECTRET INSERTS WITH QUILTIN 
FET, PREAMP £1.80. CRYSTAL MIKE INSERTS 37 mm — a5p. 
ELECTRET CONDENSER MIKES 1K IMP. WITH STO JACK PLUG 
£285, EM1O4 MIN. TIE PIN CONDENSER MIKE, 1K IMP, OMNI, USES 
DEAF AID BATTERY (SUPPLIED) ~ £4.95, 
MORSE KEYS. HI'SPEED TYPE ALL METAL ~ £2.25 PLASTIC TYPE ~ 990." 
CRYSTALS. 300 KHz HCGU — 40p. 4.43MMz C.T.V_XTALS ~ 45p. 0.1 
EOGE CONNECTORS G4 WAY — 65p. 32 WAY ~ 40p. 
RELAYS, MIN, 220v AC SEALED RELAY 2 POLE C/O ~ 4p. 240¢ AC 
SEALED RELAY 3 POLE C/O 5 AMP CONTACTS 11 PIN BASE ~ 80p. 
12 VOLT 4 POLE N.0. REED RELAY ~ 20p. 24 VOLT SEALED RELAY 
2POLE C/O 3 AMP CONTACTS ~ 85p. 
MOTORS. 1.5 TO Gv OC MODEL ~ 20p. 115 AC MIN. 3 RPM WITH 
GEARBOX — 30p. 24 AC SYNCH. MOTOR "sin RPM ~ 65p. 240 
AC SYNCH, MOTOR ¥2ath RPM ~ 65p. CROUZET 115v AC4 RPM 
MOTORS ~ 95p. 
BOXES. BLACK A.6.5, PLASTIC WITH BRASS INSERTS ANO LID, 
75 x 56 35 mm ~ 40p. 96 x 71x 35 mm ~ 49p. 115 x95 x 36 mm ~ S7p, 
TRANSFORMERS, 6.0.6y 100mA, 9:0.9y 75mA, 12.0 12v 50mA ~ 7p. 
each, 12.012 100mA ~ 96p. 12'SOOmA ~ 9p. 1:1 TRIAC/XENON, 
PULSE TRANSFORMER — 30p. 6 MHz 3 AMP CHOKES — 30p. 
SWITCHES, MIN TOGGLE SPST 8x 5 x 7 mm — 4p. DPOT 8x 7x 7mm 
‘50p. DPOT CENTRE OFF 12x 11 x 9mm — 75p. POT CORE UNIT 
WITH POT CORE. 1-FX2243 (85 mm),2.FX2242 (35 mm) 3-703 
POWER TRANSISTORS ON HEAT SINK, FUSEHOLOERS AND 
VARIOUS OTHER TRANSISTORS, DIODES AND A5 AMP 5.C.R. ~ 
£1.75 & 75p p&p. 
DESOLOERING TOOLS. SOLDER SUCKER, PLUNGER TYPE, EYE 
PROTECTION, REPLACEABLE NOZZLE, HIGH SUCTION ~ £4.95, 
TAPE HEADS. CASSETTE STEREO ~ £3.00. BSR MN 1330 % TRACK 
DUAL IMPEDANCE REC/PLAY BACK ~ £1.95. TD10 ASSEMBLIES 
TWO HEADS. \ TRACK REC/PLAY BACK STAGGERED STEREO 
WITH BUILT-IN ERASE, PER HEAD — £1.20. TAPE HEAD DEMAG 
240y AC — £1.95. EIGHT TRACK STEREO HEADS ~ £1.75. 
BUZZERS. GPO TYPE 6-12 ~ 30p. MIN. SOLID STATE BUZZERS 6-9-12 
OR 24v/SmA ~ 76p. LARGE PLASTIC (50 nvm) DOMED 12v BUZZER, 
LOUD NOTE — 50p. ALL METAL 6-12v 30 mm BUZZERS, ~ 25p. 
UM. T.V. TRANSISTORISED PUSH BUTTON TUNERS (NOT VARICAP! 
NEW AND BOXED ~ £2.50. 
SWAY RIBBON CABLE, MIN-SOLIO CORE, ~ 15. METRE. TIL305 
‘ALPHA ~ NUMERICAL DISPLAYS, WITH DATA ~ £275. 
AEROSOLS. SERVISOL SWITCH CLEANER + LUBRICANT Sor ~ S6p. 
FREEZER 6oz — 5p. GEAR CLEANER & TAR REMOVER oz ~ 85p. 
MURATA MA4O}L 40KHe TRANSDUCERS, REC/SENOER — £2.25 pe, 
POSTAGE, 30p. UNLESS OTHERWISE SHOWN (EXCESS POSTAGE 
REFUNDED WiTH ORDER). OVERSEAS POST AT COST, 
V.AT. INCCUDEO IN ALL PRICES, 
SAE. FOR LISTS. 


SYSTEM DESIGN WITH MICROPROCESSORS 


D. Zissos 
Department of Computer Science 
University of Calgary, Canada 
October/November 1978, approx. 200pp., £6.50/$ 13.50 
0.12.781750.6, Paperback 


This comprehensive, practical, clearly-presented text is 
designed to meet the needs of today’s electronic engineers 
by providing the first step-by-step design system for 
microprocessors aimed at the specialist and non-expert 
alike. It includes the author's original work on wait/go 
operation, and establishes a 50-minute design cycle 
which even the amateur can master. It will be of great 
interest in the fields of telecommunications, medical 
physics and bioengineering, digital system design, civil 
and mechanical engineering, and instrumentation. 


Section Headings 


Logic design. The microprocessor. Wait-go systems. Test 
and-skip systems. Interrupt systems. D.M.A. systems. 


D.D.T. systems. Index. 


Academic Press 


London New York San Francisco 


A Subsidiary of Harcourt Brace Jovanovich, Publishers 


24-28 Oval Road, London NW1, England 
111 Fifth Avenue, New York, NY 10003, USA 


ORDER ADDRESS 31 CHEAPSIDE 


PROGRESSIVE RADIO LIVERPOOL 2, 051-236-0982 


DAWES ELECTRONIC nen es wel i 
Tel 01 381 3975 


Alll prices are inclusive V.A.T. please add 20p. P & P. 


Memories, CPU's, Clocks, etc. TTL 7400 Series New Style Elegant Instrum 

1101 256 RAM 00 in a..odised aluminium with black vinyl 
1103 1K RAM K 01 top and bottoms. Gives a professional 
1702 2K Eprom . 02 finish to your assemblies, 

2102 1K Static . 03 
210784 4K Dyn, ; 04 
2513 64 x 8x5 05 
2518 Hex 32 & 40 . 06 
2708 8K Eprom . 07 
5013 1K Shift . 08 
5203 2K Eprom 3. 09 
5260 1K Dyn RAM t 10 
5262 2K Dyn RAM b WV 
5311 Clock x 13 
5314 Clock = 14 
5316 Clock i 15 
7001 Clock 3 

7488/82S23 Prom 
7489/82S25 64bi 
8080A CPU 8 Bit 
8216 Bus Driv 
8224 C1 Gen’ 
8228 Sys Con 
8255 Per Intfce. 


Type Width Height Price Type Width Height Price 
472 F 16%" 4%" 8.89 
5.97 8%" 6" 6.85 
7.68 HH 12" 6" 8,38 
562 | 16%" 6" 10.42 
an" 6.00 all cases depth 9” please add 80p 
for P & P of cases. 


Dawes computer SDK-80 Intel Kit £185.00 
Dawes Colour Bar Generator + 

Cross Hatch Supplied as a kit £42.50 
assembled and tested £69.50 
Dawes UHF Signal Strength Meter 

supplied as a kit £24,60 
assembled and tested £29.75 
Microfilm Reader “Caps Microfilm’ £95.00 
Philips Cassette Comp Storage Unit £65.00 
Philips Cassette Recording Deck without Interface £25.00 


Lineare's (H,TO5, A-B, 
14-16 dil, V. 8 dil T, 
10220.K, TO3) E 747A 
300H .99p i 448v 
301V : i 76450 
302H 75451 to 
oo x 75454V 
06H ‘ E 75491A 
pall E i 754920 
MC1303A 
4618 309K E MC1310A 
74C00 310H é MC1312A 
Le haa 311M . i Mc1456V 
vacva 3124 i Mc1458V 
Ly ame Be 5 i MC1496A 
Digital Led Quartz Watch 4 SN76013N 
yacee with stainless steel armbands, rey, 92, SN76131A 
74076 4 Function £8.95, ne - é TAT617A 
44c90 89, 6 Function £9.95. 48p | ICL 8038 
10" 3398 . TDA2020 
746193 1.10 3407-5, 12, 
15, 24 


4000 & 74C00 Series 

4042 
4049 
4050 
4066 
4069 
4071 
4512 
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CMOS ICs — electrical 


characteristics 

recommended supply voltage range: 
3V. OSV 

logic levels: 1 =+ suppl 

pees “olitput hos OV RB 


' 1 80% supply 
inpul {9 20% supply 


input and output currents: 


The DC input current of aCMOS 
gate is negligible due to the 
extremely high input resistance. 
The main load presented is due to 
the input capacitance of 3 to 7ph, 
which only h in effect during AC 
operation. The output current drive 
capacility of a CMOS gate is only a 
few hundred microamps. This is not 
a problem when interfacing with 
other CMOS gates at low-switching 
speeds, since they present a 
virtually infinite DC resistance. 

For AC operation the limiting factor 
on drive capability is the input 
capacitance of the driven gates 
more gates means a lower switching 
speed. The switching speed of a 
CMOS gate is generally specified at 
aload capacitance of SOpF. 


Unused inputs 


Unused inputs of CMOS ICs must 
not be left floating but must be tied 
direct to ground or positive supply 
depending on whether a 0 or | is 
required at the input. 


Interfacing with TTL 


A CMOS gate will drive one low- 
power (Schottky) TTL input, 
except for buffers such as the 4049 
and 4050 which will drive two 
standard TTL inputs. The supply 
voltage of the CMOS circuit must 
obviously be the same as that of the 
/ TTL circuit (+5V). 


CMOS Logic ICs — numerical index 
of popular types 


4000 dual 3-input NOR gate plus 
inverter 
4001 quadruple 2-input NOR gate 
4002 dual 4-input NOR gate 
4011 quadruple 2-input NAND gate 
4012 dual 4-input NAND gate 
4013 dual D flip-flop 
4015 dual +bit static shift register 
4017 divide-by-10 synchronous 
counter 
4018 synchronous presettable 
divide-by- "1" counter 
4020 14-bit binary ripple counter 
4023 triple 3-input NAND gate 
4024 7-stage binary ripple counter 
4025 triple 3-input NOR gate 
4027 dual JK flip-flop 
4028 BCD-to-decimal decoder 
4029 synchronous presettable 
binary/decude up/down 
counter 
4030 quadruple 2-inpul exclusive- 
OR gate 
4035 4+bit parallel-in-parallel-out 
shift register 
4040 12-bit binary ripple counter 
4042 quad clocked *D’ latch 
4046 micropower phase-locked 
loop 
4047 monostable/astable multi- 
vibrator 
4049 hex inverting buffer 
4050 hex buffer 
4051 &-channel analogue multi- 
plexer demultiplexer 
4054 liquid-crystal display driver 
4056 BCD-to-7-segment decoder/ 
driver 
4060 14-bit binary ripple counter 
and oscillator 
4066 quadruple bilateral switch 
4068 8-input AND/NAND gate 
4070 as 4030 but will drive 2 low- 
power TTL loads 
4071 quadruple 2-input OR gate 
4073 triple 3-input AND gate 
4078 &-input OR/NOR gate 
4081 quadruple 2-input AND gate 
4093 quadruple 2-input NAND 
Schmitt trigger 
4098 dual monostable multivibrator 
40106 hex inverting Schmitt trigger 
4511 BCD-to-7-segment latch/ 
decoder/driver 
4518 dual +bit synchronous BCD 
up-counter 
4520 dual 4+bit synchronous binary 
up-counter 
4528 see 4098 


CMOS Logic ICs — functional index 
gates, inverters, buffers 


4000 dual 3-input NOR gate plus 
inverter 

4001 quadruple 2-input NOR gate 

4002 dual 4-input NOR gate 

4011 quadruple 2-input NAND gate 

4012 dual 4 input NAND gate 


4023 triple 3-input NAND gate 

4025 triple 3-input NOR gate 

4030 quadruple 2-input exclusive 
OR gate 

4049 hex inverting buffer 

4050 hex bufter 

4068 &-input AND/NAND gate 

4070 as 4030 but will drive 2 low- 
power TTL loads: 

4071 quadruple 2-input OR gate 

4073 triple 3-input AND gate 

4078 &-input OR/NOR gate 

4081 quadruple 2-input AND gate 


Schmitt triggers 


4093 quadruple 2-input NAND 
Schmitt trigger 


40106 hex inverting Schmitt trigger 


flip-flops, latches 


4013 dual D flip-flop 
4027 dual JK flip-flop 
4042 quad clocked *D* latch 


counters 

4017 divide-by-10 synchronous 
counter 

4018 synchronous presettable 
divide-by-*n’ counter 

4020 14-bit binary ripple counter 

4024 7-stuge binary ripple counter 

4029 synchronous presettable binary/ 
decade up/down counter 

4040 | 2-bit binary ripple counter 

4060 14-bit binary ripple counter 
and oscillator 

4518 dual 4-bit synchronous BCD 
up-counter 

4520 dual 4-bit synchronous binary 
up-counter 


shift registers 

4015 dual 4-bit static shift register 

4035 +bit parallel-in-parallel-out 
shift register 


splay drivers 


4028 BCD-to-decimal decoder 

4054 liquid crystal display driver 

4056 BCD-to-7-segment decoder/ 
driver 

4511 BCD-to-7-segment latch/ 
decoder/driver 


monostable multivibrators 


4047 monostable/astable multi- 
vibrator 

4098 dual monostable multivibrator 

4528 see 4098 


miscellaneous 


4046 micropower PLL 

4051 8-channel analogue multi- 
plexer/de multiplexer 

4066 quadruple bilateral switch. 
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DUAL 3 INPUT NOR GATE PLUS INVERTER ‘QUADRUPLE ? INPUT NOR GATE UAL 4 INPUT NOR GATE 


‘UAL OFLIP FLOP 


QUADRUPLE 2 INPUT NAND GATE UAL 4 INPUT NAND GATE 


OUALABITSTATIC SWIFT REGISTER DIVIDE BY 10 SYNCHRONOUS COUNTER 


iNPuT| 


Fetoeack 


TRIPLE 3 INPUT NANO GATE 


on on on a6 
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TRIPLE 3 INPUT NOR GATE DUAL JK FLIP FLOP 


"SYNCHRONOUS PRESET TADLE DINARY/DECADE 
UPIDOWN COUNTER. 


on 


ACO TO DECIMAL DECODER 


sco Neurs 


Tor 
PARALLEL IN/PARALLEL OUT 
‘SHIFT REGISTER 


<ox8 


PARALLEL INPUTS 
CENCE em 


VAD CLOCKED "O" LATCH 


exrennat 


MONOSTABLE/ASTABLE MULTIVIBRATOR MEX INVERTING BUFFER 


EXTERNAL 
CAPACITOR 
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CHANNEL ANALOGUE MULTIPLEXER DEMULTIPLENER 


BCD 10 7 SEGMENT OLCODEN ORIVEN 


) StoMENt oureUTS 


ourburs 


S inrur 


TaicceR 
wr 


CD TO 7 SEGMENT LATCH/DECODEN/ORIVER DUAL 4 BIT SYNCHRONOUS UP COUNTERS, 
4518 8c0 


7 SEGMENT OUTPUTS 


W%, Oh Om 


22 Newland Street Kettering Northants. 

Technical enquires ring Kett 520910 sales & order enquires 83922 

Shop open Monday to Saturday 9.30 to 6.00 p.m, Early closing Thursday 
Answer phone order service after 6,00 p.m, 83922 


Back siuer af Elektor & Elektor Board now 


ELECTRONICS ce 


In touch with tommorow technology. Quantity and trade enquires welcomed for all components. 


ics OME? Ff EXPERIMENTING WITH SC MP 


BUILD YOUR OWN MICROPROCESSOR DEVELOPMENT SYSTEM 


13. 320 Cenamic 
)12126.00 FILTERS. 


PRICE REOUCTIONS 


A308 OTA ros 9 The current Elektor series leads to the construction of a hexadecimal seven segment maaTRe eae, 
Eaioes 00 microcomputer with a cassette interface. Further development is planned, to produce a 5 18 oe s, 
peaceee se ureatet ay, tte! e computor system with visual display unit, cassette based programmes and an 33/0480 CFT 4ss4 |. 70 
EAtovoa0 | Hel private computor system with visual display unit, cassette based programmes and 1/0 480 Crh ass 18 
Carer” fo foe ca extended memory capacity SHU. Sk 4980 ae 
CAII40T FET opamo rose To enable you to reduce your costs we are preparing a kit order list for each part of the Tay. soe tv cers 
ti Tom a5 onents you already have 
Hie: Tone Ploose send SAE. for lists or phone Kettering520910 for further details about the series Sere 
nee 18 V reguton TOs 4 44001/2/0 CEL pela papeored For full list send SAE oF see our Coralogve 78 
Gag 18 TB Vreguaror TOs 380 indoor FOp/1G 16 pn OIL sock jar Boras as" Tina ie 
Ureeete Pees 86108 024070 THPAIA bo 
Thgsl pprpenetecdo eee 1ea ieee 35105 Bo2IA 70° TipAzA 2 
besa Me ss 'S’ B74 SERIES TTL nice REDUCTIONS Boros ast essa Ost incon 8 
aout urna : 8c107 F198 * 1Na002 05, 
TuSSECN Se 20 140012 a6 m8 7430 1156 ates Srieo 3S inion; 
LNESIN Fitone ecco ban’ a TMG? 1 Tae rae hier Scios 18 e200 iit 
cn eo ie ier ray Mo fate 7230 scies 38 raat Wieoos OF 
723CH voltage regulator to 4 2 2 7483 74162 ct? BF 24! iNa007 o7 
LMZIEN votan ep. ed 408 iad 2 hae 34103 Beree 10 gras Hane 
sour 3 has aH at I INE asin 
LWt78L06 Vottoge Rep 100238 fase tes feria te: ease Rabe 50 
thiecos Vong Reg to 3s was Seziat ter brass aes | Bs 
Uilvetorz Yous Reg tor 3 2 ius fier Scrat Ie areas, aoe 08 
LM7BLO12 Voltage Reg 10220 8S 4 7450 bite ec517 BFY5O 2N3703 8 
tilacors. Youtse neg ia 3 8 fist so 100 78172 Scour tee Sev Ro 
Cinvators Vous Res tm 38 Bo . iain acot? te. brs! mort 
2 us Haine besa erv80 pears 18 
LMIBI2N ultsasonie tranicener 1461 720 2 746 mie acss9 BRY39 2NS777 88 
UM1889= VHF Mod 180! 860 26 o 8C549, BRYSS 40603 Lo 
Te a a Bese IF eva) 18 Setar Diodes tw 
BERN Sewer 18 BCs Het BYIST 138 zeroes 


Ns? 


an ST) ecss8 £100, "40 oomw 2.70 1047 
Me1310P ies 8559 £30045 E12 Series ta 
MCI312P Mae TRANSISTOR SOCKET. 1018. 105 YOewen Eee Bio 68 Blase 
MeiraP 1a SILVER PLATED COPPER WIRE Bcsbae E420 1.60 for Eaton 
lope conol $0 16a Edge connectors 64 way (SCIMP) (oan 7.00 By Solme 
lope cont 6 Ege connectors G4 way 1SCIMP! 17.00 ° Bcv70 E430, 145 B4nceoOW 
‘out! opam ia ge connectors 31 vy {forma own 200 2240 50/m bov7t NuE340 "80 8 40C8000. 
MCIAGBL il repator rr Edge connectors 31 way (tert pattern gen) (pair aie 45/0 BoIst NUED41 65 875001000 
14640 watch crt SONTCHES MUNIATURE TOGGLE IL SOCKETS 80132 MJEZO5S 1.40 6260C22001 
MC14402 watch (ut Rotany Viste | wey ee 2 NJE3055 1.20 
Mctaseice LOD aver ie pole 12woy $4 ole 2 way pn “ 
MCI4553P 3 digt coun o 2 pole 6 way $4 2pole way 169" 6 1 Our Rew Computer showroom. 
MCLSE66P ime toe ee diet thar caeiel Visuen zene pin 45 our unter company. NB computers wll be 
M22 Ikram wes abo Jum Se wav S00 6 T2001, now im stock 
MMig2080 EPROM, 16s SLIDE 2 vay LOUDSPEAKERS 
MMESIGN clock MPX Teg 28 2 pole 2 way Gtonm 251m ~ 
MMS3IEN  tlote non MP2 9x9 40d Bohm 25m 60 


MMSSIBN clock BCD * address 
NMSB1?" Nowe generata 
MMSBAIN TV duploy 


MINIATURE PUSH JAOPROCESSOR: 1 
Trpole | wey non liching 18 VEROBOAAD G1 inch MICROPROCESSORS & PERIFI 
Tgote 1 way etching LID 68 255375 inen a ‘Miero’s and Memories 


Bole 2wey — tntching ies, % rd SAE tor ins OF develooment Kit ate 
2pote Zev tatenng 30h 7beSinen Se Hoag 


ver Bch 


iBone t wey non tatching 8 Vidvowa 01-0048 n coe i802 MP 
RGEI9ATC oun eps 895 Met4ed ns 232 invertace 

RCSISION V'to F convertor 3 780 [ANTEX SOLDERING IRONS ME1489 AS 232 Intertace 

Eevage” rach 120, C2 15W light duty version 3 Mant 702a EPROM 26 «8 

Sewer 1SP8as000 sou 1250 MaMzIOZAN RAM Tk xt 

Sch? ISP8AGOON 4031 1000 CX 15/18 18W ceramic shaft ‘ Siosh Med hoio7e 

SLAG Traconne conmot 18h "asa X25 25W standard version eS ete ane HMaNTZ aM 6 4 

SNIeIaIN. ole bret ‘ST3 Soldering Irons Stand, complete with sponge . . 140 Sahn ee 

SOuP Inner io 198 Spare bits for all above ANTEX Irons . eee0 048. Eiveaod fad eh S12 

Sour miner rads 198. nN Sem 1sPBa iy 

STAGGS!. [usio power 1C i Spare elements for C2 145 for CCN/R 190 oe eS a 

STKOI2 Audio power 1C For X28 : 160 COSMAC wid computer ons cord with bu 


t PSU tovnd eltects gen ann TV interface. Complete 
yang cee” ose wath HEX keypad, monitor in ROM + 2048 byte of 
TAAGEY pam 108 5 

TBA}20_ miner iret 

Teatzor iF rr 

TBAZI1. ual aidopreame 14.4 Catalogue 7B avaiable now, 

TBAG26A SV 100mA regulator TOS f 


TBAGIEC. 1S 100A setare Te A must for serious constructors, Contains details of many unusual and 
TBAG2SC 15V 100A requater TC A must for serious constructors, Contains details of many unusu 


TBABOOSW avei0 ame Yau difficult to obtain components for Elektor projects plus pages and pages 


TASES Sao smo : of data information pin outs etc. Oupley deve fire, Gicuns Gaps price 
TARO Tueie op 8 Normal price 75p but as special introductory offer our cc 20 
TEATaD, OC tone 16.0 for Elektor readers for limited period 50p. L707 ca ue} 
TOANO22 solspve str repiey Ne! Rariese ae our GA 198, 
ToAIOR frm Gono Bom On c 
Toazo2 SW 12V aso wmo OLN? GA Oe 
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